Ligularia hodgsonii was found to be diverse in China. Furanoeremophilanes were isolated from samples collected in Yunnan Province, while such compounds were absent from samples from Sichuan, Gansu, and Chongqing. DNA sequencing showed that the Yunnan samples were also genetically distinct. -Humulene and a new bisabolane sesquiterpene were isolated.
The genus Ligularia is highly diversified in the Hengduan Mountains [1] [2] [3] . We have been studying the diversity in root chemicals within the genus [4] . Most major Ligularia species produce furanoeremophilanes. We have proposed a hypothesis that furanoeremophilane-producing species (or intra-specific populations) are ecologically advantageous over eremophilan-8one-producing species [4] . We also have proposed that the ability to produce sesquiterpenoids in L. duciformis and related species may be acquired through hybridization, which is believed to be an important pathway in the evolution of Ligularia [5] . Several Ligularia hybrids have been obtained and their chemical compositions have been found to be diverse [6, 7] . These studies have suggested that root chemicals of Ligularia have evolved from non-terpenoids to furanoeremophilanes via eremophilan-8-ones.
L. hodgsonii Hook, distributed in southwestern China, northern Japan, and Far East Russia [2, 3] , is considered to be an old species among the genus [1] . Its dried roots have been used as a local medicine [3] . Several studies on the chemical composition of L. hodgsonii have been reported. Eremophilanes have been isolated from L. hodgsonii in Japan [8, 9] and China [10] [11] [12] [13] , as well as related sesquiterpenes such as bakkenolide A [9] and an eudesmane [12] . An eremophilane dimer has also been obtained [13] . In the course of our continuous study on Ligularia, we isolated furanoeremophilanes from both Japanese and Chinese samples [14] .
While most major Ligularia species in the Hengduan Mountains grow at around 3000-4500 m in altitude, L. hodgsonii is found in lower areas. This implies that hybridization between L. hodgsonii and other Ligularia species might be limited. The sample we previously studied was collected in Yunnan Province at an altitude of 2300 m [14] , and to the best of our knowledge, this was the only Chinese L. hodgsonii sample from which furanoeremophilanes were obtained. Thereafter, we searched for samples more widely in Yunnan, Sichuan, Gansu, and Chongqing with an expectation of finding a "primitive type" that produces no furanoeremophilanes. In this report, we describe the presence of such populations. Huaguoshan, Wuxi County (C) 1400 10
Tianchi, Yunlong County (Y) 2600 11 c Guodong, Songming County (Y) 2300 a Samples 1 and 2 were collected in 2009; samples 3-5 in 2010; samples 6-9 in 2013; sample 10 in 2014. b Province in parenthesis. S = Sichuan, G = Gansu, C = Chongqing, Y = Yunnan. c Ref. [14] .
Ten L. hodgsonii samples were collected; three in central Sichuan Province (samples 1-3), two in southern Gansu Province (samples 4, 5), four in northern Chongqing City (samples 6-9), and one in western Yunnan Province (sample 10) (Table 1 and Figure 1 ). EtOH extract of the fresh root of each sample was subjected to Ehrlich's test on TLC [15]. Samples 1-9 were negative to the test, indicating the absence of furanoeremophilanes. In contrast, sample 10 was Ehrlich-positive, and its spot-pattern on TLC was identical to the previously reported sample (sample 11) [14] .
The compounds in each sample were also analyzed by LC-MS (reversed phase LC), and the results are shown in Figure 2 . Samples 10 and 11 showed two distinct peaks at t R = 6.2 and 11.8 min. This indicated that the chemical composition was very similar in samples 10 and 11, as observed in the above TLC analysis.
The chemical composition was analyzed of air-dried roots of samples 1-5, 9, and 10. Each sample was extracted with either EtOAc or EtOH at room temperature and the components were isolated by standard methods such as silica gel column chromatography and HPLC. From samples 1, 4, 5, and 9, only fatty acids (a mixture of stearic acid, oleic acid, linoleic acid, and linolenic acid) and their triglycerides were isolated. From samples 2 and 3, -humulene and a new bisabolane sesquiterpene 1, were isolated, respectively, in addition to triglycerides and fatty acids. In contrast, furanoeremophilane 2 was isolated from sample 10. The compound was previously isolated from a Yunnan sample (sample 11) [14] .
The structure of compound 1 was determined as follows. Its molecular formula was determined to be C 30 H 40 O 9 from the highresolution CI mass spectrum (m/z 545.2744). The 1 H NMR spectrum showed the presence of three angelate moieties ( 6.01, 6.02, and 6.11; each qq, J = 7.2, 1.5 Hz), which was supported by the presence of a large fragment ion due to [M -OAng] + in the mass spectrum. In addition to the angelic acid moieties, three singlet methyls, a pair of olefinic singlets ( 5.24 and 5.32), and three acyloxy-bearing methines ( 5.39, 5.46, and 5.82) were observed in the 1 H NMR spectrum. The 13 C NMR (DEPT) spectrum indicated the presence of nine methyls, two methylenes, nine methines, and ten quaternary carbons including a ketone carbonyl. These data suggested that the compound had a highly oxygenated bisabolane skeleton. The 1 H-1 H COSY spectrum indicated the proton connectivity of H-1/H-6/H-5 and H-8/H-9/H-10. The connectivity of quaternary carbons was determined from the HMBC correlations shown in Figure 3 . The stereochemistry of the cyclohexane ring was determined by the coupling constants of the protons. The stereochemistry of the epoxide at C-3(4) was determined from the J-value of H-4 (the dihedral angle between H-4 and H-5 was almost 90 o ) and the presence of a NOE between H-4 and H-15. Thus, the structure of 1 was established as depicted. At present, determination of the configuration at C-8 and C-10 is not feasible, as in many related bisabolane compounds [16-21]. The nucleotide sequence of the ITS1-5.8S-ITS2 region in the ribosomal RNA gene cluster was determined for the samples. The results are summarized in Table 2 . When the sequences were subjected to phylogenetic analysis on a MEGA6 program suit [22] , samples 10 and 11 formed a separate clade with a bootstrap value of 99%, irrespective of whether a maximum likelihood method or a maximum parsimony method was used. Thus, the two samples were very similar to each other and distinct from the other samples. The cladistic relationship between the other samples depended on the method used and was ambiguous. T The major components in most of the present L. hodgsonii samples were fatty acids and their triglycerides. These samples may represent the "primitive type" that we envisaged. On the other hand, furanoeremophilane 2 was isolated from sample 10. The compound was isolated from both samples 10 and 11, both from Yunnan Province. That these two samples were also distinct in DNA sequences suggests that the chemical difference has a genetic origin. An eremophilanolide derivative of 2 has been isolated from a sample collected at Kunming, Yunnan Province [10] . Supposing that furan and lactone are chemically related [7] , a chemotype including samples 10 and 11 may be widely distributed in Yunnan. We previously reported that L. hodgsonii was chemically and genetically different between Japan and China [14] . The results presented here show that L. hodgsonii is chemically diverse in China and are consistent with the results of analysis of chloroplast DNA, which showed disjunct distribution of the plant in Japan and China [23] .
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To the best of our knowledge, compound 1 is the first bisabolane compound isolated from L. hodgsonii. Most major Ligularia species produce eremophilane sesquiterpenes [4], and bisabolanes are often isolated from the genus as well. Highly oxygenated bisabolane compounds having an epoxide at C-10(11) and an oxygen functionality at C-8 have been isolated from various species such as L. dentata [16] , L. songarica [17] , L. thyrsoidea [18] , L. altaica [19] , and L. cymbulifera [20] . In our search in the Hengduan Mountains, bisabolanes have been obtained as the major components from L. lankongensis [21] . The literature suggests that bisabolanes are a common or basic class of root chemicals of Ligularia species. The isolation of a bisabolane from a "primitive type" of L. hodgsonii implies that the ability to produce bisabolane sesquiterpenes was acquired at an early stage of evolution of Ligularia. [24] and analyzed on a 3100xl or a 3500 genetic analyzer (Applied Biosystems).
Plant materials: L. hodgsonii samples were collected at locations shown in Table 1 and Figure 1 . Each sample was identified by X. G.
(author). Voucher specimen numbers are 2009-88, 2009-105, 2010-01, 2010-77, 2010-78, 2013-18, 2013-28, 2013-31, 2013-36 , and 2014-06 for samples 1-10, respectively (Kunming Institute of Botany).
Isolation of compounds:
Dried root of sample 1 (28 g) was extracted with EtOAc to afford an extract (416.4 mg), which was subjected to silica-gel column chromatography (n-hexane-EtOAc, gradient) to afford 4 fractions. These were further separated by column chromatography (n-hexane-EtOAc) to obtain triglycerides (109.1 mg) and fatty acids (55.3 mg). The EtOAc extract of sample 4 (dried roots 11 g) afforded triglycerides (47.7 mg) and fatty acids (5.0 mg) after a similar separation. The EtOAc extract of sample 5 (dried roots 12 g) afforded triglycerides (19.6 mg) and fatty acids (3.6 mg). The EtOH extract of sample 9 (dried roots 25 g) afforded triglycerides (31.9 mg).
Dried root of sample 2 (37 g) was extracted with EtOAc to afford an extract (234.7 mg) which was subjected to silica-gel column chromatography (n-hexane-EtOAc, gradient). The least polar fraction was further purified by HPLC (Inertosil; n-hexane-EtOAc 99:1) to yield -humulene (6.5 mg). Triglycerides and fatty acids were detected but not isolated.
Dried root of sample 3 (49 g) was extracted with EtOAc to afford an extract (866.6 mg), which was subjected to silica-gel column chromatography and HPLC (Mightysil; n-hexane-EtOAc 80:20) to yield triglycerides, fatty acids and 1 (4.3 mg).
Dried root of sample 10 (26 g) was extracted with EtOH to afford an extract (777.2 mg) which was subjected to silica-gel column chromatography and HPLC (Mightysil) to afford 2 (7.4 mg). 
